Attorney Docket No. 2959-104P 

Detection of Unlabeled Hybridized DNA and RNA 
Using Restriction Enzyme Digestion 

Technical Field 

This invention is related to the fields of deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA) sequencing; and genetic mapping, characterization, and diagnostics; and detection 
5 and identification of organisms, viruses, and nucleic acids. 

Background of the Invention 
ff;; DNA and RNA — The nuclei of living cells possess chromosomes, which contain the 

Sl=<| genetic information necessary for growth, regeneration and other functions of organisms. 
jjjjO Instructions concerning such functions are contained in the molecules of deoxyribonucleic acid 

"W . - 

i? (DNA). The genetic information of DNA is contained in the sequence of nucleotide bases, 
M3 which are arranged on a linear polymer of deoxyribose phosphates. The four bases are thymine 
(T), adenine (A), cytosine (C), and guanine (G). Two strands of DNA form a double helix joined 
r by base pairing of Ts to As and Cs to Gs. Accordingly, the base sequence along one strand 
1 5 determines the order of bases along the complementary strand. Cells use DNA as a template for 
RNA synthesis. During RNA synthesis, a strand of RNA complementary to the template DNA is 
formed. RNA/DNA hybrids obey the same base pairing rules as DNA/DNA hybrids except that 
RNA contains uracil (U) instead of T. Both RNA and DNA, therefore, can be used to derive 
genetic information. 

20 DNA and RNA Sequencing - Sequencing is the determination of the sequence of bases in 

nucleic acid strands. Polymerase chain reaction (PCR) is a process in which segments of sample 



1 




Attorney Docket No. 2959-104P 

DNA that are of interest are synthesized repeatedly until an amount is produced which is suitable 
for further experimentation. For the purpose of sequencing, PCR can contain fluorescently 
labeled, dideoxynucleotide triphosphates that stop further elongation of strands. Each of the four 
kinds of dideoxynucleotide triphosphates (A, T, C, or G) is labeled with a different fluorescent 
5 label. The products of this reaction are of various lengths and each strand has only one label that 
represents the last base added. When separated by size, the base sequence of the template DNA 
can be determined. This is the Sanger method of DNA sequencing and is, at present, the most 
commonly used method for sequencing long DNA sequences. For RNA, PCR includes reverse 
transcriptase that makes a complementary DNA from the RNA template. The DNA products are 

10 then sequenced by the Sanger method. The Sanger method requires a high quality gel and 
electrophoresis of the ampified DNA, It is a time consuming process and not well-suited for 
parallel sequencing of several sequences. 

Sequencing by Hybridization — Sequencing by hybridization (SBH) uses the specificity of 
DNA/DNA binding rules and melting temperature to sequence labeled sample DNA. 

15 Hybridization is performed at elevated temperatures close to the melting point of the fully 
complementary hybrid so that non-complementary DNA cannot hybridize to the probe. Also, 
imperfect hybridization can be followed by washes approaching the melting temperature to 
ensure that non-complementary sample DNA has been removed from the probe site. Typically, 
probes are immobilized on a solid surface. Detection of labeled DNA at the location of a probe 

20 indicates the presence of complementary sequence in the sample DNA. The solid surface 
containing the probe oligonucleotides is sometimes referred to as an SBH chip, a genosensor 
chip, a hybridization surface, or a dot blot. This version of the SBH process is referred to as 
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Format II SBH. E. Southern disclosed Format II SBH in International Application No. 
PCT/GB 89/00460. 

Format I SBH is an alternative method where sample DNA is attached to a solid surface,- 
such as a nylon membrane, and hybridized with labeled probes, R. Drmanac and R. 
5 Czerkvenjakov disclosed Format I SBH in US Patent No. 5,202,23 1 . 

Genetic diagnostic information can also be obtained using techniques similar to those 
used for obtaining sequencing information. In diagnostic applications, a known sequence that 
indicates the presence of a particular gene or organism is immobilized to the surface and labeled 
O DNA from the sample is allowed to hybridize. After washing to eliminate nonspecific binding, 
^40 detection of the label indicates that gene or organism is present in the sample. 

H While the above sequencing by hybridization techniques are capable of producing 

reliable results, if properly applied, certain disadvantages are inherent. For example, the target 
3 DNA must be sorted and immobilized (Format I) or labeled (Format II). These procedures for 
>fi sequencing are laborious and require a large DNA or RN A sample. If these limitations can be 
H i 5 overcome, the parallel nature of the genosensor chip makes it ideal for several forms of 
diagnostics, forensics, and other applications. In particular, if amplification, labeling, and 
segregation of the target DNA before hybridization were not necessary, the genosensor chip 
could be used more readily as a routine diagnostic test. DNA arrays utilize parallel hybridization 
of target DNA to multiple known-sequence probes in a compact array. This allows detection of 
20 multiple sequences using SBH with only one small DNA sample [1-8]. Since the arrays are so 
compact (e.g., 100s to 1000s on a silicon chip), the reliability of diagnostic tests can be improved 
by using multiple probes. 

3 
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Probe Technology - Molecular beacons (described in US Patents 5,118,801 and 
5,312,728) are single-stranded DNA (ss-DNA) probes that form a stem-and-loop structure. The 
loop sequence is complementary to a sequence of interest. Binding of complementary DNA to 
the loop sequence opens the stem-and-loop structure. If no complementary DNA is present, the 
5 stem-and-loop structure remains intact. Molecular beacons do not require labeling of the sample 
DNA because the beacons have a single fluorophore attached to one end and a quencher to the 
other end. When in a stem-and-loop conformation, the ends are close together and light emission 
is quenched. When hybridization breaks the stem structure, the fluorophore and quencher are 
separated and light is emitted [9]. Although the stem is only 6 or 7 base pairs in length, it has a 

10 melting temperature well above 55°C due to its intramolecular nature. Molecular beacons are 
routinely used to monitor PCR reactions in real time. 

Molecular beacons can be used to differentiate sequences that differ by only a single base 
such as alleles for drug-resistant tuberculosis, human coagulation factor V, human estrogen 
receptor, and human methylenetetrahydrofolate reductase [10-13]. This specificity is not 

15 available with most other probe types. In addition to DNA studies, molecular beacons have been 
used to detect RNA sequences in living cells [14-16]. It has been demonstrated that molecular 
beacons still function when immobilized to surfaces [17-18]. ? 

It is necessary that molecular beacons form the desired stem-and-loop structure. One 
useful tool is a DNA folding program available on the internet 

20 ( http ://bioinfo .math.rpi . edu/~zukerm/) that estimates the free energy of formation of the stem 
hybrid and predicts the melting temperature. In general, the loop areas should be approximately 
21 bases long with a GC content of 25-75 percent. The loop length can be adjusted to 
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accommodate various GC percentages. The stem structures should be 6 or 7 base pairs long and 
contain mainly Cs and Gs. 

Although molecular beacons have many good qualities, they are limited for use in 
applications other than PCR diagnostics. The use of a single fluorophore label requires the 
5 amplification of the sample DNA. Because many other compounds fluoresce and produce a high 
background, a large amount of fluorophore must be present to be measured accurately. 

Label Technology - Bioluminescent enzymes, such as luciferase, alkaline phosphatase, 
horseradish peroxidase, p-galactosidase, and aequorin, have recently been used to detect 
attomolar concentrations of molecules and have been shown to be 30-60 fold more sensitive 
10 than radioactive labels [19]. They produce much less background since no excitation light is 

42 

Jt; required. In these particular cases, light is produced continuously as long as activator is 

u\ available, therefore, photons can be counted over a period of time. Label technology is a 

n rapidly advancing field, and, for this reason, a type of probe that is easily adaptable to new , 

My labels or multiple labels would be highly beneficial. 

; ;S 1 5 Restriction enzymes - Restriction enzymes (or restriction endonucleases) are produced in 

^ bacteria, presumably to degrade foreign DNA. Methylation differences between the bacterium's 

genomic DNA and the foreign DNA protect the genomic DNA from cleavage [20]. 

Restriction enzymes bind at recognition sequences. Recognition sequences are typically 4 
to 6 bases long, but may be longer. Restriction enzymes cleave double-stranded DNA (dsDNA) 
20 at a restriction site, which may or may not be located within the recognition sequence. At each 
restriction site, one phosphodiester bond from each of the strands in the dsDNA is hydrolyzed to 
form hydroxyl and phosphate groups. The cleaved sites, one on each DNA strand, may be 
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opposite each other forming two blunt-ended dsDNA fragments, or may occur at different 
locations resulting in fragments with protruding unpaired bases called sticky ends [21]. 

Currently, almost 3000 restriction enzymes with over 200 different recognition sequences 
are known. The field of molecular cloning relies heavily on the use of restriction enzymes to 
5 create new chimeric DNA sequences from different sources [22]. This demand is met by several 
companies (New England Biolabs, Fermentas, Roche, and Stratagene, for example) that offer 
restriction enzymes and study the activities of the enzymes. Restriction enzymes are usually 
supplied with a concentrated buffer solution that optimizes activity. Typical buffer conditions are 
pHs from 7.0 to 7.9, magnesium salts from 10 to 100 mM, bovine serum albumin from 0 to 100 

10 M-g/ml, and temperatures from 30 to 65°C. One unit of restriction enzyme is defined as the 
amount necessary to digest 1 jag of DNA in one hour under optimal conditions. 

The most commonly used restriction enzymes are highly efficient (nearly 100% of 
restriction sites cut). DNA fragment length can affect restriction enzyme activity. Frequently- 
restriction enzymes can cut short pieces of dsDNA efficiently, but some require longer 

15 fragments. Suppliers (New England Biolabs, for example) recommend having six base pairs on 
each side of recognition sites to ensure efficient cleavage when length preference is unknown. 
Some enzymes, such as Eco RI, are known to cut efficiently with only one base on each side of 
the recognition site. 

20 Summary of Invention 

The present invention utilizes a nucleic acid probe for detecting specific target nucleic E 
acid sequences. The probe is an oligonucleotide containing a covalent surface-coupling group . 
attached to one end and a label attached to the other end, wherein the oligonucleotide contains 
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two complementary regions which hybridize to each other in the absence of target nucleic acid 
forming a loop region which contains a sequence complementary to the target sequence being 
probed, and forming a stem region which contains a restriction enzyme site which is not 
present in the hybridized loop. 
5 The present invention further utilizes a method of determining the presence of one or 

more specific target nucleic acid sequences using such a probe. 



Brief Description of the Drawings 

S) Figure 1. The structure of a grobe with a removable label (PRL) attached to a glass 

o w ( \ ■ 

CIO surface. G,\C, A, and T represent the bases of nucleotides in an ssDNA molecule. The looped 
area contains\the target-hybridization sequence. Stem-forming sequences, located on each side of 
the target-hybndization sequence, hydrogen bond to form the stem. This stem can be cut by the 

te restriction enzyme Pal I. 

C j 15 Figure 2. A summary of the processes in a preferred embodiment. 

Detailed Description of the Invention 

The invention is a probe with a removable label (PRL) that can be used to detect 
hybridization without labeling target DNA. The PRL structure differs from that of a molecular 
20 beacon in three ways: 1) the stem structure contains a restriction enzyme recognition site, 2) 
different label types, including fluorescent labels, can be used and no quencher is necessary, 3) a 
moiety is present to attach the PRL to surfaces to form arrays (Figure 1). Like molecular 
beacons, the stem structure in the PRL must open upon hybridization of the loop sequence to 
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complementary target DNA or RNA. The stem structures may be approximately 4-9 nucleotides 
in length. For each PRL array, a restriction enzyme is used that has a restriction site in each stem 
sequence but does not have a restriction site or a recognition site in any of the hybridized loop 
sequences. A list of several potential restriction enzymes and their recognition sequences is given 
5 in Table 1. Identification of additional suitable restriction enzymes can be readily determined 
based on the present disclosure of the invention and generally available knowledge in the field of 
molecular biology. For example, the PRL shown in Figure 1 has both the Pal I recognition site 
and restriction site located in the stem. The stem sequence GGCCAG, written 5 1 to 3', can be cut 
by Pal I forming the fragments GG and CCAG. After this fragmentation, covalent bonds no 

10 longer connect the label to the surface. The six weaker hydrogen bonds between the two CG base 
pairs are not strong enough to hold the label to the bound portion of the PRL and the label can be 
washed away. Other stem sequences, used with other restriction enzymes in Table 1, may have 
more than six hydrogen bonds remaining. Washes at elevated temperatures can be used to break 
these hydrogen bonds without damaging the covalent bonds. The conditions used for washing 

15 away the labeled nucleotide fragment subsequent to restriction enzyme digestion may be 
routinely determined by one skilled in the art based on the restriction site and restriction enzyme 
used. Such information is typically available from the company source of the restriction enzyme. 

The loop portion of the PRL should be about 16 to 25 nucleotides in length. In order to 
function properly, the hybrid formed upon hybridization of a fully complementary DNA to the 

20 loop sequence must be more energetically favorable than the stem hybrid, however, any loop 
hybrid containing mismatches must be energetically less favorable than the stem hybrid. In order 
to achieve this, the length or composition of the loop and /or stem sequences is varied. 
Commonly, a loop sequence with a high AT content requires more nucleotides in the loop 
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sequence or a weaker stem sequence. A loop sequence with a higher GC content may need 
reduced length or a more stable stem sequence. 
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Table 1. A list of restriction enzymes and their recognition sequences. Abbreviations are as 
follows: A , indicates the cleavage site; indicates the second cleavage site in "sticky end" 
cleavages; N, any of the four bases; W, base A or T; M, base A or C; K, base G or T ; Y, 
base C or T; R, base G or A; S base G or C; D base A or G or T; H base A or C or T. Table 
5 adapted from the Restriction Enzyme Database (http://rebase.neb.com), Dr. Richard J. 
Roberts and Dana Macelis, authors. 



Enzymes 1 


Recognition Sequence 


Other Enzymes Capable of Cutting These Sequences 


Altil | 


AG A CT 


Mltl J 


Ball | 


TGG'CCA 


MM, Mlu3 1 1, M/wNI, Mscl I 


BsaAl 


YAC A GTR 


BstBAI, MspYl, PsuAl j 


BsrBl 


CCG A CTC 


AccBSl, BstDlOll, Bst3\m y Mbil 


Btrl 


CAC A GTC 


_ , . _ 


Cac%\ 


GCN A NGC 




CviJI j 


RG A CY 


CviTI 


CvlRl 1 


TG A CA 


HpyCHAV 


Eco41lll 1 


AGC A GCT 


Afel, Aitl, AorSlHl, Funl 


EcolSl ^\ 


GGC-XjCC 


Egel, Ehel, Sfol 


EcolCm 


GAG A CTC 


Eel 13611, £co53kI, Mxal 


FnuDll 


CG A CG 


Accll, BceBI, Bepl, Bpu95l, Bshl236I, Bsp50l, Bspl23l, 
BstVNI, BstUI, Bsul532I, Btkl, Cyp68KVI, CspKVl, FauBlI, 
Mvril, Thai 


Hael 


WGG A CCW 




Haelll 


GG A CC 


Bee All Bim\9\\ Bme36\\ BseOl Bshl BshFl Bsd2\\L 
BspBKL, BspKI, BspW, BsuKL, Btel, Cltl, Dsall, FnuDI, 

A/fs*l*ATl l/AAT \/"*-r^iT>TT ATo*-,! VT T>svT\ P^T^IT^T P/TWJ Pln\ 

MCrtALL, MfOJ\l, JygOrll, I\ sp L,l\.i 9 rCtll, rdeiDDL^ riai^ 
Sbvl, Sfal, Sual 


Hindll 


GTY A RAC 


HinJCI, Hindi 


HpyU 


GTN A NAC 


HpyBll 


Lpnl 


RGC A GCY 


Bme\A2l 


Mstl 


TGC^CA 


AcclSU Aosl, Aviil, Fdill, Fspl, Nsbl, Paml 


\Nael 


GCC'XjGC 


Ccol Pdil, SauBMKI, SauHPl, SauLPl SaiiNl, SauSI, 
Slulllll 


j NlaW 


GGN A NCC 


AspVl, BscBl, BspLl PspN4I 


Nrul 


TCG^GGA 


Bsp68l, MluB2l, Sbo 1 3 1, Spol 


| NspBll 


CMG^KG 


MspAll 


[ PmaCl 


CAC^TG 


BbrPl BcoAl, Ecol2\ Pmil 
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Enzymes 


Tiecopnition Senuence 


Other Enzymes Capable of Cutting These Sequences 


Pvull 


CAG^ 1 Cj 


Bavl BavAl, BavBl, Bsp\53Al f BspM39l f Bsp041, Cfr6l, 
Dmal, Ecil NmeRI, Paellkl, Pvw84II 


Rsal 


GT A AC 


Afa\ HpyBl PlaAll 








Smal 


CCC^GG 


QH4I, PaeBl PspALl 


Sffi 


GCCC A GGGC 




Sspl 


AAT A ATT 




Stul 


AGG^CT 


Aat\ AspbAl, EcoUll Gdil, PmeSSI, Sari Sru3QDl, SseBl 
Stel 


Type II restriction enzymes cleaving outside their recognition sequences: 


Bsrl 


ACTG_GN A 


Bsell BseNl, BsrSL, Bstl 11, Tspll 


BstFSl 


GGATG_NN A 


BseGl 


Btsl 


GCAGTG_NN A 




Type II restriction enzymes producing 5* overhangs: 


Accl 


GT A MK_AC 


FbH y Xmil 


Acil 


C A CG_C 




Acyl 


GR^G^YC 


Ahall, Aosll, AstWl, Asulll Bbill, BsaHL, BstACl HgH 
HgiDl, HgiGl HgOm, Hinll, Hsp92l, Msplll Pamll 


Afim 


A A CRYG„T 




Agel 


A A CCGG_T 


AsiAI, BshTl, CspAl, PinAl 


ApaLl 


G A TGCA__C 


Alw44l, Snol, Vnel 


Ascl 


GG^GCG^CC 




AspllZl 


G A GTAC_C 


Acc65l,AhaBSl,Sthl 


Asul 


G^NC C 

— : 


AspS9l, Avcl, Bac36l, Bat22%l BavAll, BavBll Bce22l 9 
BshKI, BsiZl, Bsp 18941, BspBll, BspF4l, Bsu54l, Ccul, 
QH3I, MreK81II, NspTV, NsplUU, PdeYll PspPl, Sau96l 




Asull 


TT A CG_AA 


Acpl AsplOHI, Birnl, Bim\9l> BpuUI, BsiCl, Bspl 191, 
BspLAll, BspT\04l 9 BstBl, Cbil, Csp45I, Qp68KII, FspU t 
Lspl, Midi, NspV, Plall Ppa Al, Sful, Sspll, SspRFI, Svil 


Aval 


C A YCGR_G 


Ama&ll, Aqul Bcol, fee 151, BsoBl BstSl, £<?o88I, Eco271d 9 
Nsplll, NspSAl, PfaAI, PunAl 


Avail 




Aftl, Aspl r 45I, BaniNxl, Bcu AI, Bmel 81, BmellSl, Bsr AI 
BthAl, Caul, Cs/?68KI, DsaYV, EagMl, Eco41l Erpl, Fdil, 
FspMSl, Fssl, HgiBl, HgiCll, HgiEl, HgtBOU Hgftl, Kzo49l, 
SinlSmuEl, P^aKllBI, 


Avrll 


I C^CTAGJj 


^vrBII, Blnl BspA2l, XmaJl 


jBamHl 


I G'KjATCC 


AccEBl, Alii, ApaCl, Asil BcelSll Bnal, Bsp9SI, Bsp4QQ9l 
Bsp AAlll, Bstl Cell, M/w23I, Nsp29l32ll, NspSAW, Okr AI, 



11 




Attorney Docket No. 2959-1 04P 



Enzymes 


Recognition Sequence 


Other Enzymes Capable of Cutting These Sequences 






Pfl&h BspLKII, Soil, Surl 


BbvCl 


CC A TCA_GC 


Abel 


Bed | W A CCGG_W 


Bcalll, BsaWl 


BpulOl 


CC A TNA_GC 


n ni ,ni 

£>pUDL 


BsePl 


G^GCGjC 


BssUll, BstBZ 1 53I, Paul 


Bsil 


C A ACGA_G 


BssSl, Bst2Bl 


Bsp\20l 1 


G A GGCC_C 
T A CCGG A 


PspOUl 


BspMll 


Acclll, AorUHI, BbvAlll, BseAl, BsiMl, BsplSI, BspEl, 
Bsu23l CawB3I, Kpn2I, Mro\ FwBII, Ptal 


Bstm 


CC A W„GG 


BseB\ BshGl, BsilA, BspNl, Bstll, Bstll, Bst3$I, BstlOQl, 
Zfs/Mol, Bs/OI, ifa*2UI, BtnDl, BtnEU Cbrl, Cthll, Fsp 1 6041, j 
Mval, Snil, Ssll, SYM 171, TaqXI, Zanl 


BstEll 


G A GTNAC_C 


Acrll, AspAl, Bse64\, BseT9l, BseTlQI, BsiKl, BstPl, BstT9l, 
BstTlOl, Ecal, Ecil25l, Eco9lh Eco065l, EcoOUSl, 
Nsp§ All, PspEI 


Catdl 


CC A S„GG 


A hal, Asell, AsuC2l, Bcnl, HgiS22l, Mg/1448 11, Neil 


Cfrl 


Y A GGCC_R 


Bfim, Eael, EcoHK3 1 1 


CfrlOl 


R A CCGG_Y 


Bco\ 181, Bseim, Bse634l, BsrFl, BssAl, BstBlSl 


CWAII I 


C A AT_G 




Cv/QI J G A TA„C 


Csp6I, CviRll 


Ddel 


C A TNA_G 


BstDEl, BstJZ30ll 


1 Drall 


RG A GNC_CY 


EcoOl09l 


Dsal 


C A CRYG_G 


BstUSl, Btgl, TspBl 


EcoHl 


A CCSGG_ 


Ecol83ll, Kpn49kll 


EcoRll 


*CCWGG_ 


PspGl, Slel, SspAl 


Eco56l 


G A CCGG_C 


\/frr>~Xn N cm A IV fJcrn\AJ\f <\V/T 

ivir orNij ivgurKi. v , ivgoiyxL y , oceiii, or/i 


Espl 


GC A TNA_GC 


Jjipi, £>pui iuz,i, nbpi /zui, UciH 


Fnu4BI 


GC A N_GC 


feoFI, #sp6I, FArl, i^p4HI, iSa/I, t/wr960I 


Gdill 


CKjGCCJR 




HgiCl 


G^YRC^C 


i4ccBH, J5awl, BbvBl, BsfiNl, BspTlQll, Eco64l, HgiHI, 
MspB4l, PfaAl 


Hinfl 


J G A ANT_C 


Cv/BI, FnuAl, Hhall, SscL 1 1 


HinV 11 Xg^GJZ | Hin6I, Hsol, Hsp Al, SciHl I 
| Hpall 1 C A CG J3 j Bcolll, BsiSl, Bst4Ql, BsuFl, Cbol, Hapll, Hinll, Mnol, j 
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Enzymes 


Recognition Sequence 


Other Enzymes Capable of Cutting These Sequences 


| \ Mspl, Pdel37l, Sth\34l 


Hpylimi 


TC A NN_GA 


Hpyimil 


Kasl 


G^jCCjC_C 




maei 


C 1 A__Lr 


zj/al, rgol, MtnZsi, Kmal, Xspl 


Maeii 


AXO_l 






/ XjriNAC_ 






'XjATC 


/f^MDI, Bce243l, BflSll, BmeYll, BscYl, BspSll, BsplOSl, 
Bsp\43l, Bsp2Q95l 9 BspAl, BspFl BspU, BstENIL, Btkll, Cacl, 

Crv\ Cni\ fV/AT DnwTT FnnCl /T W7 /FT J-fnn\ YrrSS\ Tln^ 

Mgol, MrAI, Atofell, Mall, MweCI, JVpAI, /?a/F40I, Sa«3 AI, 
iSawMI, 6//z368l 


MM 


A^GCGJT 


56/241 


Narl 


GG^G^CC 


McM, My 1 1 31, JVtfal, M/nll, Sse Al 


Ncol 


C^ATGJj 


Bsp\9l 


Nhel 


G^TAGJ^ 


AsuttHl, PstNHl 


Notl 


GCKjGCCJjC 


Cc/NI, CspBI, MchAl 


PpuMl 


RG^WC^CY 


Pjl21\ PpuXl, PspSII, PspPPl 


Rsrll 


CG A GWCCG 


Cpol, Cspl, Rsrll 


Sail 


G A TCGA_C 


BspMKl, HgiCUI, HgiDIL, Nopl, RflFl, Rtrl, Rtr63l,Xcil 


SanDl 


GG'XjWC^CC 


&el825I 


Saul 


CC A TNA__GG 


Aocl, Axyl, BliEKl, Bselll, BspR7l, Bsu36l> Cvril, Eco%\l, 

T /'at 1 / .tt /I., JVTT rt 7 A T 

LmuoOl, MstIL, OxaNl, SshAl 


ScrFl 


CC A N_GG 


Bmel390l, Msp61l, MspR9l 


Seel 


C^NNGJj 


BsaJl, BseDl, BssECl 


Sell 


A CGCG_ 




SexAl 


A A CCWGG_T 


Mabl 




pATp V A (It 




SgrAl 


CR^CGG^YG 




Siml 


GG^TC^ 




Smll 


C A TYRA_G 




Spll 


C'XjTACJj 


BpuBSl, BsiW, BvuBl, Mh?K81I, P/723II, PpuAl, PspU, 
Sunl 


Sse232l 


CG^CGG^CG 




Ssoll 


'XXNGG 


BssKl, BstMZ6l 11, ZfcaV, £c/18kl } £col3kI, Ecollkl, 
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Enzymes 


Recognition Sequence 


Other Enzymes Capable of Cutting These Sequences 






£col37kI, Kpn2kl, StyB4l 






LfSfTtoly £>SS l 11, ZSCOUUl, H,CO I 141, tLKrlcyylL 


Tnrt\ 
1 UCfL 


TATf; A 




Tsel 


GTWG_C 


Acel, Taq52l 


Tsp45l 


A GTSAC_ 


Hpy51I,NmuCI 


Unbl 


A GGNCC__ 




VpaKU AI 


A GGWCC_ 


- 




C A TCGA_G 


i46rl, £M, BspAAI, BssHI, BstVl, Ccrl, Movl, MlaAI, 
PaeRlh Panl, Sau3239I, SawLPII, Sbi68l, Sfr274I, Slal, 
SollOl 791, Strl, Tiil 9 Xpal 


Xholl 


R A GATC_Y 


5/oHI, J5j«2I, flrtYI, Itealll, Mfll, Psul, TrulOll 


Xmal 


C A CCGG_G 


Ahyl, Cfr9l, EaeAl, EcIRI, Pacl5\ PspAl, Xcyl, XmaCl 


Xmalll 


C A GGCC_G 


Aaal, £seX3I, BstZl, EagI, EclXI, Eco52I, SenPT\6l 


Type II restriction enzymes producing 3 f overhangs: 


Aatll 


G^ACGT^ 


Ssp5230l 


Acell 


G_CTAG A C 




Apal 


GJjGCC'X: 


Ppel 


Bbel 


G_GCGC A C 




BseSl 


GJCGCM^C 




BspKT6l 


G_AT A C 




Bsrl 


ACTG_GN A 


Bsell, BseHl, BsrSI, Bstl 11, Tspll 


BstFSl 


GGATG_NN A 


BseGl 


BstXI 


CCAN_NNNN A NTGG 


BstHZ55l 


Cha\ 


_GATC A 




Fmu\ 


G_GNC A C 




Fsel 


GGJZCGG^C 




Haell 


R_GCGC A Y 


AccB2l, BspU3U, BstH21 


HgiAl 


G_WGCW A C 


Alw2\l, AspHl, BbvUI, BsMSl, BsMKAI, MspV2Sll 


HgiRl 


GJIGCY^ 


Banll, Bpul, Bsp5l9l, Bsu 18541, Bvul, Eco24l, EcolSKI, 
EcoT3 81, FriOl, KoxII, PaeHL, Sac*NI 


Hhal 


G_CG*C 


AspLEI, BspLAl, BsfHHl, Cfo\ FnvDlW 


Hpy99\ 


_CGWCG A 





\ 
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j Enzymes 

h^r 


T? fpncrnitinn £l**fiiii>rir»*» 

IvC^UUU 1 HUH kJCUUCULC 


v/uici n/iiZrj'iiica \^d.[)d.ijic ui vaulting a iicsc oecjucncca 















i\pm 






Mcri 






rviaili 




it- iTT r/_-_Qo TT 

/7/nill, fispyZli 


M/3877I 


|^YCGR A G 




Nspl 


R_CATG A Y 


BstN$l,Nspm,PauAl Pun All, Xcel 


Psp03l 


G_GWC A C 




Pssl 


RG__GNC A CY 


Kaz4SU 


Pstl 


C_TGCA A G 


Ajol, AHAJl, ApiL, Asp7l3l, Bsp63l s BspBI, BsuBl, Cfll, 
CfrAAl, Cfull Cstl, Ecl3m, Ecl2zl, HaHl, MhaAl, PaePl, 
Pfll 1 1, Psp23l, Sal?l 9 Sfll, Yenl 


Pvul 


CG_AT A CG 


/yazzivii, yi/aiOrvl, £>Sp\-,l, &ag£}l 7 &rntyy\., JVlvVV, iYo/I, /^/eiyi 

^wl61I, /&/fI,AbrII 


Sad 


G^AGCFX: 


Psp\24Bl, Sstl 


Sacll 


CC_GC A GG 


Cfr42\, Cscl, Eae46l t Eco29kl, Gall, Gcel, GceGIA, Kpn31%\, 
Kspl, NgoAlll, NgoWll, PaeAl, PaeQl, PaeSkL, PaeUkl, 
SchZl, &«PT14bI, SexBI, SexCl, Sfr303l, SgrBI, Spul, Sstll 


Saul 




Aocll, Bmyl, Bsok^I, BsplzQoi, BspLbzl, Mhll, Nspll 














5^83871 


CC_TGCA A GG 


Sbfi, Sdal 


Tail 


_ACGT A 


Tscl, Tsp49l 


Taul 


G^CSG'X 




Tsp4Cl 


AC„N A GT 


Bst4Cl y HpyCK4llI, Taal 



In the preferred embodiment shown in Figure 1, an aminopropanol moiety is at the 3' end 
of the PRL. This group can be used to covalently attach DNA oligonucleotides to glass surfaces 
5 and form arrays [23]. A biotin moiety is bound to the 5' end of the PRL (Figure 1). Biotin and 

i; 

streptavidin have a strong affinity for each other and are routinely used as stable linking agents! 

i 

ji 

Bioluminescent enzymes can be conjugated to streptavidin. When streptavidin-enzyme conjugate^ 
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and biotin-labeled PRLs are incubated together, the bioluminescent enzyme becomes attached to 
the PRLs. Polythymine nucleotide spacers are located at the ends of the PRL (Figure 1). The 
number of thymine nucleotides in these spacers can be adjusted to decrease steric hindrances of 
restriction enzyme activity. Other organic moieties, such as alkane chains, could be used as 

i 

5 spacers. 

This embodiment demonstrates the utility of this invention for determining the presence 
or absence of specific RNA or DNA sequences (Figure 2). The invention will result in a product 
that could be supplied as an array of bound, bioluminescently-labeled PRLs. Each PRL would 
have a stem structure where two complementary regions of the same molecule hybridize. The 
JjO array will have the streptavidin-bio luminescent enzyme conjugate attached to the PRLs. DNA 
111 and/or RNA will be purified by a clinician according to standard methods, which are available in 
i3 several nucleic acid purification kits. The purified nucleic acids may be sheared into smaller 

uy ' 

5;i pieces suitable for hybridization and incubated in a buffered solution with the PRL array fbif 
% hybridization to occur. The temperature and conditions of the hybridization step will be : 
■j!5 determined by the stability of the possible individual hybrids in the PRL array. A temperature 
y ; that reduces non-specific binding of target sequences that are not completely complementary to 
the array loop sequences can be determined for each array of PRLs. After hybridization occurs, 
the array will be washed and restriction enzyme buffer and restriction enzyme will be added. 
During incubation with the restriction enzyme solution, the PRLs that are in a hairpin 
20 configuration will be cut inside the stem sequence. This cleavage will leave only a few hydrogen 
bonds holding the label to the surface. The bonds will be unstable and break at room* 
temperature, releasing the label from the bound end of PRL. The array will then be washed again; 
to remove the unbound labels and restriction enzyme. The remaining bound bioluminescent 
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enzyme labels will be detected by incubating the array with the appropriate substrate solution 
and measuring photon production. Photon production at a probe site signifies that the sequence 
within the loop portion of the probe is complementary to a sequence in the target DNA or RNA.; 
Lack of photon production at a PRL sight indicates the absence of a sequence in the target DNA 
or RNA that is complementary to the probe's loop sequence. 

The simplicity and speed of this assay should allow routine use in areas where a parallel 
genetic test would be advantageous but is often too difficult or time-consuming. Examples of 
uses include genetic screening for human inherited diseases, determining identity or parentage, 
identifying pathogens and their antibiotic resistance capabilities, and screening foods or materials 
for contaminating organisms and viruses. 

Other embodiments would include other labels, such as radioisotopic, isotopic, 
enzymatic, chromogenic, fluorescent, chemiluminescent, or primary and secondary antibodies 
that are either attached to the PRL during synthesis or added in a later step (before or after 
hybridization or restriction digestion have occurred). Many new methods for labeling, such as 
multiple labels, fluorescent beads, and microparticles, are currently being developed and may be 
used with PRLs in the future [24]. 

The PRLs can be attached to glass or silicon surfaces according to several other methods 
[25]. PRLs can also be attached to gold or other metal surfaces via sulfhydryl moieties and tq 
microtiter wells via a biotin-streptavidin linkage [26]. 

Labels and immobilization moieties can be located anywhere along the length of the 
PRL, including the loop sequence region, providing that their location does not interfere with 
hybridization and that the restriction site lies between the surface-attachment site and the 
position of the label. 

17 
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The PRL may have different types of spacers or multiple spacers for the purpose of 
raising the PRL above the surface; to reduce steric hindrances during the hybridization, washing, 
restriction enzyme digestion; etc. In addition, oligonucleotides can be constructed for use as 
controls that always remain or are always removed from the surface during the assay. 
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